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(54) Information reproducing method and Information reproducing/recording method for 
magneto-optical recording medium and magneto-optical reproducing device 



(57) In the information reproducing method, the 
information recording/reproducing method and the 
information reproducing device of this invention, the 
start of read of information from a magneto-optical 
recorded area of an MSR medium is detected, and the 
px3wer of a light beam to be used for reproducing mag- 
neto-optically recorded information is set in accordance 
with the detection. Thus, the MSR medium can be irra- 
diated with a light t)eam having an appropriate repro- 
ducing power without being affected by the fluctuation in 
various portions of the MSR medium. 
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Description 

BACKGROUND OF THE irA/ENTION 
Reld of the Invention 

The present invention relates to information repro- 
ducing and information recording/reproducing methods 
for a magneto-optical recording medium such as a mag- 
neto-optical disk, a magneto-optical tape and a mag- 
neto-optical card, in particular, a magnetically induced 
super resolution medium capable of magnetically 
induced super resolution reproduction, for use in a mag- 
neto-optical recording/reproducing device, and also 
relates to a magneto-optical reproducing device. 



Description of Related Art 

A magneto-optical disk is recently spotlighted as an 
external recording medium for a corrputer. In the mag- 
neto-optical disk, a record bit with a sutxnicron size is 
formed on the medium through application of an exter- 
nal magnetic field and in*adiation of a laser beam. Thus, 
the recording capacity can be remarkably increased as 
compared with that of a convertionally used external 
recording medium such as a flexible disk and a hard 
disk. 

Meanwhile, information is recorded in a rewritable 
magneto-optical disk by heating a magnetooptical 
recording film thereon through beam irradiation, so as to 
change the magnetization direction (record bits) in the 
heated portion in accordance with an external magnetic 
field corresponding to the information to be recorded. In 
a reproducing operation, the magneto-optical recording 
film is inradiated with a light beam, so as to reproduce 
the recorded information by making use of the Ken^ 
effect that the plane of polarization of reflected light is 
rotated in accordance with the magnetization direction. 

Such a magnetooptical disk has been regarded as 
a main memory for storing a mass of data in the rapidly 
developing multimedia, and there are increasing 
demands for further increasing its capacity. In order to 
increase the recording capacity of a magnetooptical 
disk, namely, in order to increase the recording density, 
it is necessary to further minimize the record bits as well 
as further decrease a pitch between the bits. 

However, a conventional genera! magneto-optical 
recording/reproducing operation is limited by the size of 
a light beam (beam ^Dot) on a medium. The beam ^ot 
can be made smaller in order to reproduce data from a 
bit with a smaller size than the diameter of the beam 
spot: Still, the minimization of the beam spot is limited 
because the beam spot is limited by the wavelength of a 
light source and the numeral aperture of an object lens. 

In order to achieve high density recording, a mag- 
netically induced super resolution medium (MSR 
medium) and a recording/reproducing method utilizing 
the MSR medium, in which data in a record bit smaller 
than a beam spot can be r^roduced, are proposed 



(Japanese Patent Application Laid-Open Nos. 1- 
143041 (1989). 3-93058 (1991). 4-271039 (1992) and 
5-12731 (1933)). In the recording/reproducing method, 
a recording medium including lannination of a plurality of 
5 magnetic layers respectively having different magnetic 
characteristics d^ending upon the temperature is 
used, so that the effect attained by a small beam spot 
can be attained by utilizing the temperature distribution 
caused in the beam spot on the recording medium. In 
10 this manner, recorded data can be definitely read even 
when the record bits are smaller than the beam spot. 

Such an MSR medium is classified into the follow- 
ing three types; a front aperture detection (FAD) type as 
is shown in FIG. 1. in which a high-temperature area in 
15 a laser beam spot works as a masking portion and a 
low-tenperature area works as an aperture from virhic^ 
bits are read (Japanese Patent Application Laid-C^en 
No. 1-143041 (1989)): a rear aperture detection (RAD) 
type as is shown in FIG. 2, in which a low-temperature 
20 area in a laser t>eam ^t works as a masking portion 
and a high-temperature area works as an aperture from 
which bits are read (Japanese Patent Application Laid- 
Open No. 3-93058 (1991)); and an RAD douNe-mask 
type as is shown in FIG. 3. in which a high -temperature 
25 area and a low-temperature area in a laser beam spot 
work as masking portions and an intenmediate-temper- 
ature area works as an aperture from which bits are 
read (Japanese Patent Application Laid-Open No 4- 
271039(1992)). 
30 Information recorded in the MSR medium of these 
types is conventionally reproduced by a technique dis- 
closed In Japanese Patent Application Laid-Open No 4- 
258831 (1992). 

In this reproducing technique, a reference signal is 
35 previously recorded at a predetermined position such 
as an inner-most area and/or an outer-most area of the 
MSR medium. In a reproducing operation, the reference 
signal is first read, so as to determine an optimal repro- 
ducing power on the basis of the reference signal . 
40 In this conventional technique, the determined opti- 
mal reproducing power is set and retained at a previ- 
ously fixed value- However, the MSR medium has a 
warp, and hence, the shape of a beam spot can be 
changed because of the so-called tilt, namely, because 
45 an incident beam, which is required to vertically enter 
the recording surface, actually enters the recording sur- 
face at an angle. As a result of this change, the repro- 
ducing power is decreased. Furthermore, a local blur 
caused by a fingerprint or the like on the surface of the 
50 MSR medium and variation in tiie characteristics of the 
recording surface due to f luctijation in the film thickness, 
the components and the like can also decrease the 
reproducing power. Such fectors to decrease the repro- 
ducing power vary depending upon the location on the 
55 recording medium. In addition, the tenperature on the 
medium is changed in a time lag between tiTe correction 
of the reproducing power and an actual reprodudng 
operation. Therefore, it is disadvantageously difficult to 
set optimal reproducing conditions. 
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Moreover, the optimal reproducing power means a 
r^rodudng power for attaining the maxinnum signal 
amplitude in the magnetically induced super resolution 
r^roduction of a record bit in an aperture formed in a 
beam spot as is shown in FIGS. 1 through 3. 5 

The MSR medium includes, however, a portion 
where information is magneto-optically recorded, that 
is. the so-called MO portion, such as a data portion, as 
well as a portion where information is recorded by form- 
ing an emboss bit on the medium, that is, the so-called 10 
emboss bit portion, such as an SM portion and an ID 
portion. 

The information recorded in the emboss bit portion 
can be read by using a much smaller power than the 
optimal reproducing power is 

In other words, when the optimal reproducing 
power is fixed at a predetermined value, the medium is 
heated by an unnecessarily large reproducing power in 
a tracking servo operation and a reproducing operation 
of the emboss bit portion such as the SM portion and zo 
the ID portion. As a result, the MSR medium can be 
degraded and a semiconductor laser used for irradiation 
can be degraded, which is one of the factors to shorten 
their IHetime. 

25 

SUMMARY OF THE INVENTION 

The present invention was devised to overcome the 
aforementioned prolDlems. One object of the invention is 
providing an information reproducing method for a mag- 30 
neto-optical recording medium in which the power of a 
light beam used for reproduction is controlled to be 
increased at appropriate timing, so as to set an appro- 
priate r^roducing power. 

The information reproducing method of this inven- 35 
tion comprises the st^s of irradiating a magnetically 
induced super resolution (MSR) medium with a light 
beam so as to read information recorded in the MSR 
medium on the basis of light reflected by the MSR 
medium; detecting start of read of information from a 40 
portion where the information is magneto-optically 
recorded; setting a power of the light beam at an appro- 
priate value in accordance with detection of the start of 
the read of the information; and reproducing the infor- 
mation recorded in the MSR medium on the basis of 45 
reflected light of the light beam having the power set at 
the appropriate value. 

Accordingly, since the power of the light beam is set 
at an appropriate value by detecting the start of the 
magnetically induced super resolution reproduction, it is so 
possible to accurately set an appropriate reproducing 
power for the magnetically induced super resolution 
reproduction without being affected by the fluctuation in 
the material of the MSR medium itself, a blur thereon 
and the like. 55 

In the information reproducing method, the power 
of the light beam is set in a process of reading the infor- 
mation from a head of the portion where the information 
is magneto-optically recorded. 



Accordingly, sirrce the power of the light beam for 
information reproduction is controlled at the head of the 
magneto-optically recorded portion, not only informa- 
tion recorded at the head but also information recorded 
in a data portion can be reproduced without fail. 

Alternatively, in the information r^roducing 
method, the power of the light beam is set in a process 
of reading information from a synchronizing signal por- 
tion for attaining synchronization for reading information 
and/or a process of reading information from a resyn- 
chronizing signal portion for attaining resynchronization 
when the synchronization is lost 

Accordingly, since the power of the light beam for 
the infornnation reproduction is controlled at the syn- 
chronizing signal portion and/or the resynchronizing 
signal portion, the power can be adjusted by utilizing 
these conventionally provided portions, and hence, 
there is no need to provide a separate area for the 
power adjustment of the light beam. 

In the information reproducing method, the step of 
detecting the start of the read of the information from 
the portion where the information is nnagneto-optically 
recorded is conducted by detecting an abrupt rise of a 
reproducing signal- 
Accordingly, since the start of the read of the infor- 
mation from the magneto-optically recorded portion is 
detected by using the rise of the amplitude of the repro- 
ducing signal, the start of tiie information reproduction 
can be accurately and definitely detected. 

In another embodiment the information reproduc- 
ing method of this invention comprises the steps of irra- 
diating an MSR medium with a light beam so as to read 
information recorded in the MSR medium on the basis 
of light reflected by the MSR medium; detecting a rise of 
a control signal for gain adjustment to be applied to an 
amplitude of a signal corresponding to the information 
read from tiie MSR medium; setting a power of the light 
beam at an appropriate value in accordance with detec- 
tion of the rise; and applying the gain adjustment to the 
information read from the MSR medium on the basis of 
reflected light of the light beam having the power set at 
tiie appropriate value, so as to reproduce the informa- 
tion from the MSR medium. 

Accordingly, since the power of the light beam is set 
at an appropriate value by detecting the rise of an auto- 
matic gain control (AGC) signal, the reproducing power 
can be appropriately set without being affected by the 
fluctuation in the material of the MSR medium, a blur 
thereon and the like. 

In still another embodiment the information repro- 
ducing method of this invention comprises the steps of 
irradiating an MSR medium with a light beam whose 
p)ower is controlled to be increased; and reproducing 
information recorded in the MSR medium on the basis 
of reflected light of the light beam from the MSR 
medium. 

Accordingly, the power of the light beam used for 
reproducing information from magneto-optical recording 
media including an MSR medium is controlled to be 
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increased. Therefore, the power of the light beam can 
be small in a tracking servo operation and at the initial 
stage of a reproducing operation, and in a reproducing 
operation for necessary data and the like, the informa- 
tion can be definitely reproduced by using a large repro- 5 
ducing power. 

The second object of the invention is providing an 
information reconding/r^roducing method for an MSR 
medium in which the power of a light beam used for 
information riecording can be set more accurately by 10 
allowing the power of the light beam used for informa- 
tion recording to be influenced t>y the power of a light 
beam used for information reproductioa 

The information recording/reproducing method of 
this invention comprises the steps of reproducing infer- is 
mation recorded in an MSR mecfium, by in^adiating the 
MSR medium with a light beam, on the basis of 
reflected light of the Gght beam from the MSR medium; 
setting a power of the light beam so as to be influenced 
by a power of the light beam used in the step of repro- 20 
ducing the information; and recording information in the 
MSR medium by irradiating the MSR medium with the 
light beam having the set power. 

Accordingly, since the power of the light beam for 
information recording is influenced by the power of the 25 
light beam for information reproduction, the recording 
power can be more appropriately set in consideration of 
the tennperature of the medium. 

Furthenmore, the third object of the invention is pro- 
viding a magneto-optically reproducing device for an 30 
MSR medium in which a reproducing power is 
increased in a stepwise manner and is set at an appro- 
priate value by using first, second ard third reproducing 
power application means, so that the reprodudng power 
for information r^oduction can be limited to a neces- 35 
sary and minimized power, thereby suppressing degra- 
dation of the MSR medium, a light beam source and the 
like and elongating their lifetime. 

The magnetooptically reproducing device of this 
invention comprises an optical head for irradiating an 40 
MSR medium with a light beam and receiving reflected 
light from the MSR medium; first reprcxJudng power 
application means for stqDplying the optical head with a 
power of the light beam with which information can be 
reproduced from a part of the MSR medium excluding a 45 
magneto-optically recorded area; second reproducing 
power application means for controlling to increase the 
power to be supplied to the optical head until the power 
becomes sufficiently large to reproduce information 
from the magneto-optically recorded area of the MSR 50 
medium; and third r^roducing power application 
means for supplying the optical head with a constant 
power so that the power of the light beam is set at an 
optimal value. 

Accordingly, the reproducing power is set through 55 
three st^s by using the first, second and third repro- 
ducing power application means. Therefore, infomnation 
can be reproduced from a portion where the information 
is magneto-optically recorded as well as a portion 



where the information is recon:led by using another 
method than the magneto-optically recording method by 
using respectively appropriate reproducing powers. As 
a result the degracfetion of the MSR medium and the 
fight beam source can be suppressed. 

The above and further objects and features of the 
invention vnW more folly be apparent from the following 
detailed description with accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram for illustrating a convaTtionally 
adopted principle of reproduction of an MSR 
medium; 

FIG. 2 is a diagram for illustrating another conven- 
tionally adopted principle of r^roduction of the 
MSR medium; 

FIG. 3 is a diagram for illustrating still another con- 
ventionally adopted principle of reproduction of the 
MSR medium; 

FIGS. 4A and 4B show principles of a control pat- 
tern for a reproducing power in the present inven- 
tion; 

FIG. 5 is a graph for illustrating a second principle 
adopted in the present invention; 
FIG. 6 is a block diagram for showing the configura- 
tion of a device of a first embodiment of the inven- 
tion; 

FIGS. 7A and 7B are diagrams for showing formats 
of a recording sector; 

FIG. 8 is a time chart for showing the operation of a 
first embodiment of the invention; 
FIG. 9 is a flow chart for showing control sequence 
in the first embodiment of the invention; 
FIG. 10 is a block diagram for showing the configu- 
ration of a device of a second entKxJiment of the 
invention; 

FIG. 11 is a time chart for showing the operation of 
the second embodiment of the invention; and 
FIG. 1 2 is a flow ctiart for showing control sequence 
in the secorKi emt)odiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention will now be specifically 
described referring to the acconpanying drawings illus- 
trating the embodiments thereof. 

First, the principles adopted in the invention will be 
described. FIGS. 4A arxi 4B show the principles of a 
control pattern for a reproducing power, in which the 
relationship between a power of a laser beam required 
for reading information recorded in an MSR medium, 
that is. the so-called reproducing power, and the ampO- 
tude of a reproducing signal of information read from the 
head of a sector, which is a unit area dealt with at a time 
in information transfer or the like. 

FIG. 4A shows the relationship between a repro- 
ducing power and the anrpiitude of a reproducing signal 
in an FAD type medium and an RAD type medium 
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among the aforementioned MSR medium, wherein the 
abscissa indicates the reproducing power and the ordi- 
nate Indicates the amplitude of a reproducing signal. 
FIG. 4B shows a format in the head of one sector in an 
MSR medium. 

When the reproducing power is fixed at a predeter- 
mined large value, not only the high reproducing power 
deviates from an optimal reproducing power depending 
upon the various conditions of the MSR medium but 
also the MSR medium and a semiconductor laser used 
for irradiation can be degraded due to heat as described 
atK>ve. 

Therefore, in this invention, the reproducing power 
is controlled to be increased through three steps in 
accordance with a F>ortion from which information is to 
be reproduced in each sector of the MSR medium, and 
the optimal reproducing power is set as the third step. 

In the MSR medium, information is recorded in 
each sector as Is shown in FIG. 4B. and each sector 
includes a preformat area and a data area. 

In the preformat area, information is recorded by an 
emboss bit method on the medium. The preformat area 
includes a portion from which the information can be 
read with a small power, such as a sector mark (SM) 
portion and an identification (ID) portion, and a portion 
in which the information is magneto-optical !y recorded 
and from which the information is read with a large 
power, such as a power adjustment (PRA) portion, a 
synchronizing signal {VFO1) portion and a resynchro- 
nizing signal (VFO2) portion. 

In the data area (DATA portion), the information is 
magneto-optically recorded and a large power is 
required to reproduce the information recorded therein. 

Meanwhile, as is shown in FIG. 4A, in reproducing 
the infonration from the sector, the information which is 
recorded in the SM portion and the ID portion and cor- 
responds to the contents of the sector Is reproduced 
with a small reproducing power P^. 

Then, a reproducing power Pj. which is gradually 
increased until the start of magneto-optical reproduction 
(magnetically induced super resolution reproduction) of 
the PRA portion where the information is magneto-opti- 
cally recorded, is added to the reproducing power P^. 
and the actual start of the magneto-optical reproduction 
(magnetically induced super resolution reproduction) is 
confirmed through, for example, detection of a rise of a 
reproducing signal amplitude. By adding a reproducing 
power P3 to the reproducing power at this point (i.e., the 
reproducing power P^ + P2). the optimal reproducing 
power (Pi + P2 + P3) fof* reading the information from 
the DATA portion is determined. 

FIG. 5 Illustrates the contents of the second princi- 
ple used in this invention, wherein the abscissa indi- 
cates a power (w) of a light beam and the ordinates 
indicates a temperature (*»G)- In FIG. 5. a dashed line 
indicates a temperature Ta of a medium in a trial reading 
and writing operation, and a broken line indicates a tem- 
perature Tb of the medium in an actual reading and writ- 
ing operation. 



Even though the reproducing conditions such as a 
reproducing power and the recording conditions such 
as a recording power are set through the frial reading or 
writing operation after loading the MSR medium, there 

5 is unavoidably a given time lag between the correction 
through the frial reading or writing operation and the 
actual reading or writing operation. Therefore, the tem- 
perature of the loaded MSR medium increases during 
the time lag due to the heat of peripheral equipment. 

10 Accordingly, the reproducing or recording condi- 
tions in the frial reading or writing operation deviate from 
the optimal conditions for the actual reproducing or 
recording operation by the increased temperature of the 
medium. 

15 Therefore, when the reproducing power or the 
recording power is decreased In the actual reproducing 
or recording operation correspondingly to the increased 
temperature of the medium, the information can be 
reproduced or recorded in the actual reproducing or 

20 recording operation under the same temperature condi- 
tion as that In the correction frirough the frial operation. 

In FIG. 5, through the irradiation of a light beam, 
heal is not stored but emitted because the irradiation 
energy itself is small, and hence, the temperature of the 

25 medium increases in proportion to the irradiation power. 
The temperature of the medium in the correction is 
Indicates as Ta. a corrected beam power for a reproduc- 
ing operation is indicated as Pra. and a corrected beam 
power for a recording operation Is indicated as Pwa. 

30 The temperature of the medium in an actual reproduc- 
ing or recording operation is indicated as Tb. Then, in 
order to attain the same conditions at temperatures Tro 
and Two, the beam power for an actual reproducing 
operation and the beam power for an actual recording 

35 ^Deration are required to be decreased to powers Prb 
and Pwb, respectively, so as to offset the increased tem- 
perature of the medium. Between the beam powers and 
the temperatures, the relationships represented by the 
following formulas (1) and (2) hold in the frial reading 

40 and writing operations: 

Tro = a • Pra + Ta (1) 
Two = a • Pwa + Ta (2) 

45 

wherein a Indicates a coefficient (**C / w). 

On the other hand, the relationship represented by 
the following formulas (3) and (4) hold in the actual 
reproducing and recording operations: 

50 

Tro = a • Prb + Tb (3) 

Two=a • Pwb + Tb (4) 

55 By using the relationship of (1) - (2) = (3) - (4) so as 
to eliminate Tro. Two. a. Ta and Tb from the formulas (1) 
through (4). the following formula (5) is obtained: 

Pwb = Pwa + k (Prt> - Pra) (5) 
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wherein k indicates a correction coefficient (dimension- 
less). 

As is obvious from the formula (5). the recording 
power Pwb is cA>tained by adding the variation k{Prb - 
Pra) of the reproducing power to the writing power Pwa 5 
for the trial writing operation. It is noted that k is logically 
one. namely. Pra - Prb = Pwa - Pwb , but that acttally k 
< 1 because Pra - Prb is not actually equal to Pwa - Pwb 
depending upon the material, the stmcture and the like 
of the medium. 

On the basis of the aforementioned principles, frie 
embodiments of the invention will now be described- 
Embodiment 1 

75 

FIG. 6 is a block diagram for showing the configura- 
tion of a device of this embodiment, wherein a reference 
numeral 10 denotes a magneto-optical disk and a refer- 
ence numeral 12 denotes an cptical head. The mag- 
neto-optical disk 10 is an MSR medium, in which 20 
information is recorded in each sector along a track and 
from vsAhich the informatbn recorded in each sector can 
be reproduced. 

A sector is a unit area which is dealt with at a time 
in order to inprove the transfer efficiency in data trans- 
fer between the medium and a computer, and is divided 
into two types, namely, one with a length of 512 bytes 
and the other with a length of 2048 bytes. 

The magneto-optical disk 10 can be the MSR 
medium or a general magneto-optical recording 
medium, both of which the present invention is applica- 
ble to. 

The MSR medium is classified into the aforemen- 
tioned two types, the FAD type medium and the RAD 
type medium. The RAD type medium is dassrfied into 
two types, a single-mask RAD type and a double-mask 
RAD type. 

FIG. 7A is an explanatory diagram for showing an 
example of a format of a recording sector in the MSR 
medium. In tiie recording sector, a sector nrark (SM) 
portion for Indicating the start of the sector, an identifica- 
tion (ID) portion for sector management information, a 
gap (GAP) portion where no information is recorded, a 
power adjustment (PRA) portion for adjusting the repro- 
ducing and recording powers and a data (DATA) portion 
are disposed in this order. 

At the head of the DATA portion, a synchronizing 
signal (VFO1) portion is provided for phase synchroni- 
zation by a PLL (phase locked loop circuit) for reading 
information from the DATA portion and for synchroniza- 
tion of gain adjustment by an AGC circuit At an appro- 
priate position in tiie DATA portion, a resynchronizing 
signal (VFO2) portion is provided for resynchronization 
in the case where tiie synchronization is lost. 

The SM portion, the ID portion, the GAP portion, 
the PRA portion, the VFOt portion and tiie VFO2 por- 
tion togetiier form the preformat area. 

In the SM portion and the ID portion, information is 
recorded by the emtx)ss bit method in which an emboss 



bit is formed on the maiium. In the other portions such 
as the PRA portion and the DATA portion, information is 
recorded by reversal of magnetization, namely, the 
magneto-optical recording method, tiiat is to say. the so- 
called MO method, in which the recorxded information b 
read on the basis of change of a polarizing angle of 
reflected light. 

FIG. 7B is an explanatory diagram for showing 
another exanple of the format of tiie sector, in which an 
SM portion, a GAP portion, a PRA portion, an MSR-ID 
portion (where information to be recorded in the ID por- 
tion is magneto-optically recorded), a GAP portion and 
a DATA portion are provided in this order. 

In this format, the SM portion, the PRA portion and 
tiie MSR-ID portion together form the preformat area. 
Information is recorded by tiie emboss bit metfiod in the 
SM portion alone, and is recorded by the MO metiiod in 
the other portions. -t:#^^^ ^ 

A VFO1 portion and a VFO^fo^oh^of ihis format 
are identical to those shown in FIG. 7A. 

In the examples shown in FIGS. 7A and 7B. the 
PRA portion is provided to each sector. However, tiie 
information recorded in the PRA portion is signal data 
with a constant cyde. arxi is substantially the same as 
25 an arrplitude phase reference signal recorded in the 
VFO^ portion and the VFO2 portion. Therefore, in stead 
of providing ttie PRA portion to each sector, the VFO^ 
portion and/or tfie VFO2 portion can be i^ed as the 
power adjustment portion. 
30 In FIG. 6. tiie optical head 12 indudes a semicon- 
ductor laser (not shown). The semiconductor laser is 
operated on the basis of a drive current supplied by a 
laser drive circuit 1 1 . so as to inradiate tiie surface of the 
magneto-optical disk 10. i.e.. the MSR medium, with a 
35 laser beam and receive reflected light from the surface 
of the magneto-optical disk 10, and converts the 
received reflected light into an electrical reproducing 
sigrial, which is outputted to an AGC circuit 13. 

The AGC drcuit 13 performs gain control of the 
40 reproducing signal from tiie qatical head 12 by adjusting 
an AGC corrtrol voltage, so as to make substantially 
constant the amplitude of a demodulation signal of a 
demodulating circuit 14. and outputs tiie resultant signal 
to the demodulating circuit 14. 
45 The initial AGC conti^ol voltage is set so as to obtain 
the maximum gain. 

The demodulating drcuit 14 demodulates the 
reproducing signal which is received after the gain con- 
trol, and ou^uts the demodulated signal. 
50 The configuration described so far is well known as 

a general configuration of the device. 

This embodiment is characterized by tiie following: 
in the reproduction of information recorded in the mag- 
neto<ipticaI disk 10. a reproducing power conti-olled to 
55 be increased through three steps at appropriate timing 
is suppGed to tiie laser drive drcuit 11 for driving the 
semiconductor laser of the optical head 12. Thus, tiie 
optimal reprodudng power for tiie magnetically induced 
super resolution reproduction of the MSR medium is set 
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prior to reading the information from the DATA portion of 
the sector. 

Specifically, as is shown in FIG. 6. the laser drive 
circuit 1 1 is supplied with a first reproducing power 
(indicator voltage: 1 through 1 .5 mw) through an inter- 5 
posed adding point "a" by first reproducing power appli- 
cation means, a second reproducing power (variable 
voltage for adjustment) through adding points "b" and 
"a" by a D/A circuit 22 serving as second reproducing 
power application means, and a third reproducing io 
power P3 (auxiliary voltage) through an interposed nor- 
mally open switch SW and the adding points "b" and "a" 
by third reproducing power application means. 

The first reproducing power is an idle power, and 
is set at a minimum voltage required for driving servo is 
systems such as a focus servo and a tracking servo and 
for reproducing the information recorded by the emboss 
bit method in the SM portion, the ID portion and the like 
of the preformat area of the MSR medium. When the 
first reproducing power is supplied to the laser drive 20 
circuit 11. a correspondingly predetermined current 
flows to the semiconductor laser of the optical head 1 2. 
so as to irradiate the magneto-optical disk 10 with a 
laser beam. On the basis of the light reflected fcy the 
magneto-optica! disk 10. the information recorded by 25 
the emboss bit method is reproduced. 

The reproducing system to be used for this opera- 
tion is known and not specifically shown. 

The second reproducing power Pg is supplied by 
the D/A circuit 22. The second reproducing power. 30 
namely, a voltage, supplied by the D/A circuit 22 is sub- 
stantially linearly increased from a voltage of 0 V in 
accordance with a count value of a counter 21 . When 
the counter 21 stops its counting operation during the 
voltage increase, the second reproducing power P2 is 35 
retained at a voltage value attained when the counter 21 
stops. 

The maximum voltage supplied by the D/A drcurt 
22 is set at a necessary and sufficient value at which an 
aperture is formed so as to start magnetically induced 40 
super resolution reproduction of information recorded in 
the aperture when a laser beam having a power of the 
sum of the first and second reproducing powers, that is, 
a power P^ + Pg. irradiates the MSR medium. 

Furthermore, the third reproducing power P3 is set 45 
at a substantially constant value (0.3 through 0.5 mw), 
and is previously experimentally determined so that a 
total power P-i + P2 + P3 obtained by adding the third 
r^rodudng power P3 to the power P^ + P2 can be the 
optimal reproducing power for the magnetically induced so 
super resolution reproduction of the information 
recorded in the MSR medium. 

in FIG. 6. a value of a read gate is outputted by a 
control unit not shown and supplied to the counter 21 
and a latch 24. ss 

The control unit sets the read gate at "1". namely, 
opens the read gate, at appropriate timing on the basis 
of a signal read from the SM portion of the MSR 
medium, and sets the read gate at "0", namely, closes 



the read gate, on the basis of a signal corresponding to 
the end of the DATA portion. 

The counter 21 starts its counting operation when 
the read gate is set at "1", namely is opened, and out- 
puts the count value to the D/A circuit 22. When the 
latch 24 is set, the counter 21 stops the counting opera- 
tion. 

A comparator 23 compares the AGC control voltage 
of the AGC circuit 1 3 with a previously determined refer- 
ence voltage Vq. When the AGC control voltage 
becomes equal to the reference voltage Vq, the compa- 
rator 23 outputs a predetermined signal to the latch 24, 
so as to set the latch 24, 

The reference voltage Vq is set at a value at which 
an abrupt rise of the AGC control voltage of the AGC cir- 
cuit 13 (see FIG. 8). which is caused by forming the 
aperture on the MSR medium for starting the magneti- 
cally induced super resolution reproduction of informa- 
tion in the aperture, can be detected. 

In addition to the comparison between the AGC 
control voltage of the AGC circuit 13 and the reference 
voltage Vq, the comparator 23 can compare the ampli- 
tude of the reproducing signal outputted by the AGC cir- 
cuit 13 after the gain control with a correspondingly 
predetermined reference value. In this case, an abrupt 
rise of the amplitude of the reproducing signal as is 
shown in FIG. 4A (or FIG. 8). that is. the formation of the 
aperture on the MSR medium for starting the magneti- 
cally induced super resolution reproduction, can be 
detected. 

The latch 24 is set in response to the signal from 
the comparator 23. and outputs a set signal to the coun- 
ter 21 ard the switch SW. The latdi 24 is reset by set- 
ting the read gate at "0", namely, by closing the read 
gate. 

Next, the operation of this embodiment will be 
described referring to a time chart shown in FIG. 8. 

FIG. 8 also shows the format of the medium shown 
in FIG. 4A. 

When the power supply is turned on and the mag- 
neto-optical disk 10 is loaded, the idle power, that is, the 
first reproducing power P-i, is supplied to the laser drive 
circuit 11 by the first reproducing power application 
means. 

As a result, the magneto-optical disk 10 is driven to 
rotate, and the optica! head 12 irradiates the magneto- 
optical disk 10 with a laser beam having the first repro- 
ducing power Pi, thereby reading the signals recorded 
in the SM portion and the ID portion of a sector in the 
MSR medium. 

When the read information is corrpared with and 
found to accord with the information of an instructed 
sector, the read gate is set at "1". namely, is opened, by 
the control unit (not shown) as is shown in FIG. 8. 

Thus, the latch 24 is reset and the counter 21 starts 
the counting operation. In accordance with the count 
value of the counter 21, the second reproducing power 
P2 supplied by the D/A circuit 22 starts to be substan- 
tially linearly increased. 
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As a r^ult, the first reproducing power and the 
second reproducing power Pg are added to each other 
at the adding point "a", and the laser drive circuit 1 1 is 
supplied with the power P^ + P2 as the laser control volt- 
age. Thus, a current corresponding to tiiis laser control 
voltage is supplied to the semiconductor laser of the 
optical head 12. 

On the other hand, the magneto-optical disk 10 is 
rotated so as to allow the optical head 12 to oppose the 
PRA portion where the information is recorded by the 
MO method after of^xjang the ID portion and the GAP 
portion. During this rotation, the second reproducing 
power P2 is increased, so that the power P^ + Pg 
approximates a power for starting the magnetically 
irejuced super resolution reproduction of the MSR 
medium. 

While the optical head 1 2 is opposing the PRA por- 
tion, the temperature of the MSR medium reaches a 
temperature at which an aperture is formed on the MSR 
medium. Thus, the aperture is formed and the informa- 
tion recorded therein is magnetically reproduced with 
super resolution. As a result, the amplitude of the repro- 
ducing signal abruptly rises as is shown in FIG. 8. 

The amplitude of the reproducing signal is thus 
increased abruptly because the initial AGC control volt- 
age of the AGC drcuit 13 is set to obtain the maximum 
gain as described above. 

Immediately after this, the AGC circuit 13 is oper- 
ated, so as to increase the gain control voltage, namely, 
to decrease the gain. Accordingly, the amplitude of the 
reproducing signal is also gradually decreased. 

The AGO contrd voltage of the AGC circuit 13 is 
compared with the previously determined reference 
voltage Vq by the comparator 23. When the AGO control 
voltage becomes equal to the reference voltage Vq, the 
latch 24 is set in response to the signal from the compa- 
rator 23. and the latch signal outputled by the latch 24 is 
supplied to the counter 21 and the switch SW. 

In response to this signal, the counter 21 stops the 
counting operation (at a count value n) as is shown in 
FIG. 8. ar^ the second reproducing power P2 stops 
increasing and is retained at a voltage attained when 
the counter 21 stops. Furthermore, the switch SW is 
turned on, so that the third r^roducing power P3 is 
added to the second reproducing power Pg at the add- 
ing point "b". In this manner, the laser control voltage is 
set at the reproducing power P^ + Pg + P3 optimal to the 
magnetically induced super resolution reproduction. 

By using this reproducing power P, + Pg + P3. the 
information is reproduced from tiie PRA portion, the 
VFO1 portion arxi the DATA portion, and tfie reproduced 
information is outputled through the demodulating cir- 
cuit 14. 

When tiie DATA portion is completed to be repro- 
duced, the read gate is set at "0" as is shown in FIG. 8. i 
the counter 21 is cleared, and the second reproducing 
power P2 becomes 0 Y Also, the latch 24 is reset, the 
switch SW is turned off. and tine laser control voltage 
returns to the voltage of the first r^roducing power P^, 



Thus, the device is placed in a starxiby state for the 
process of a sutjsequent sector. 

ft is because of delay in signal transfer that there ts 
a time lag between the time when the anplitude of the 
5 reproducing signal fs abruptly increased and the time 
when the AGC control voltage become equal to the ref- 
erence voltage Vq or when the second reproducing 
power P2 steps increasng. 

Now, the control sequence will be described refer- 
10 ring to a flow chart of FIG. 9. 

f=irst, the idle power (first reproducing power P-,) is 
applied. 

The application of the idle power turns off the switch 
SW, clears the counter 21. and sets the AGC control 
15 voltage of tiie AGC circuit 1 3 so as to obtein the maxi- 
mum gain (step Si). 

ft is determined whether the read gate is set at "1" 
or "0" (step S2). In the case of "0". this determination is 
repeated, and in the case of "1", the counter 21 is oper- 
20 ated so as to start the counting operation (step S3). 

ft is determined whetiier or not the AGC conti^ol 
voltage of the AGC circuit 13 has become equal to the 
reference voltage Vq (step S4). When they are not 
equal, tfiis determination is repeated. When they are 
25 equal, the latch 24 is set. the counting operation of the 
counter 21 is stopped and ihe switch SW is tijrned on 
(step S5). 

The demodulating circuit 14 is activated, so as to 
start a data reproducing operation (step S6). 

30 It is determined whether the read gate is set at T 
or "0". In the case of "r , tiiis determination is repeated. 
In the case of "0". the procedure returns to step SI , so 
as to repeat the aforementioned processes (step ST). 
In this emtjodiment. when information is read from 

35 tiie SM portion and ID portion of a sector where the 
information is recorded by the emboss bit method, the 
necessary minimum power, tiiat is. tiie first reproducing 
power Pi. is used. When information is read from tiie 
DATA portion and the like where the information e 

40 recorded by the MO mettiod. the optimal reproducing 
power necessary for the magnetically induced super 
resolution reproduction can t>e used. As a result, the 
portions where the information is magneto^optically 
recorded can be avokJed from being unnecessarily 

45 heated, and the degradation of the semiconductor laser 
can be avoided because tiie output tiiereof can be sup- 
pressed to a necessary minimum. 

ErrtDodiment 2 

This embodiment utilizes both the principles shown 
in FIGS- 4A. 4B and 5. so tiiat a recording power can be 
influenced by a r^roducing power. 

FIG. 10 is a block diagram for showing the configu- 
'*5 ration of a device of this emfcxxiiment 

An optical head 12 is supplied witii data to be 
recorded and a reproducing or recording power by a 
write drcuit 1 la and a power control circuit 1 lb. r^ec- 
tively. 
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The write circuit 1 1a is supplied with a value of a 
write gate and write data by a control unit (not shown). 
When the write gate is set at "1 the write circuit 1 la is 
activated, and the write data are supplied to the optical 
head 12 through the write circuit 11a, so as to record 
(write) the data in a magneto-optical disk 10. 

The power control circuit 11 b is supplied with a first 
reproducing power by first reproducing power appli- 
cation means, a second reproducing power Pg by a D/A 
circuit 22 serving as second reproducing power applica- 
tion means, a third reproducing power P3R by third 
reproducing power application means, and a recording 
power P3W by recording power application means, 
independently or as a sum of two or more of these pow- 
ers, if necessary 

Specifically, the power control circuit 11b is sup- 
plied with the first reproducing power P^ by the first 
reproducing power appfi cation means through an add- 
ing point "a", the second reproducing power P2 by the 
D/A circuit 22 serving as the second reproducing power 
application means through adding points "c", "b" and 
"a", the third reproducing power P3R by the third repro- 
ducing power application means through switches 
SW1R and SW2R and the adding points "b" and "a", 
and the recording power P3W by the recording power 
application means through switches SW1 W and SW2W 
and the adding points "c". "b" and "a". 

The power control circuit lib supplies a current 
corresponding to the applied voltage to the semicon- 
ductor laser of the optical head 12. The semiconductor 
laser irradiates the magneto-optical disk 10 of the MSR 
medium with a laser beam having a power in accord- 
ance with the received current. 

The switches SW1R and SW1W are controlled to 
be turned on/off by the write gate. When the write gate 
is set at "0", the switch SW1 W is in an off state and the 
switc^h SW1 R is in an on state. When the write gate is 
set at "1", the switch SW1W is in an on state and the 
switch SW1 R is in an off state. 

The switches SW2R and SW2W are controlled to 
be turned on/off in response to a set signal outputted 
when the latch 24 is set. When the latch 24 is set, the 
switches SW2R and SW2W are in an on state, and 
when the latch 24 is reset, these switches are in an off 
state. 

The remaining configuration is substantially the 
same as that of Embodiment 1 . and hence, like refer- 
ence numerals are used to refer to like elements and the 
description of these elements are omitted. 

The operation of this embcxiiment will now be 
described referring to a time c^art shown in FIG. 11. 

By turning on the power supply, the first reproduc- 
ing power P^ of the idle power is applied to the power 
control circuit lib as the laser control voltage as is 
shown in FIG. 1 1 . The power control circuit 1 lb supplies 
a drive current corresponding to the laser control volt- 
age to the semiconductor laser of the optical head 12, 
so as to irradiate the MSR medium wnth a laser beam 
having the pcwer in accordance with this drive current. 



thereby reading the information recorded in the SM por- 
tion, the ID portion.-and the like by the emboss bit 
method. 

The read information is compared with information 

5 of a sector instructed for data recording. When the read 
information accords with the instructed information, 
namely, when the sec:tor is confirmed to be the se<:tor 
for the data reacfing, the control unit not shown sets the 
read gate at "1 activates the counter 21 so as to start 

10 its counting operation, and resets the latch 24. 

The D/A circuit 22 supplies the second reproducing 
power P2 in accordance with the count value of the 
counter 21 so as to be added to the first reproducing 
power Pi at the adding point "a". Thus, the power P^ + 

15 P2 is applied to the power contrc>l circ;uit 1 1 b as the laser 
cxjntrol voltage. The power control circuit 1 lb supplies a 
drive current in accordance with this laser control volt- 
age to the semiconduc:tor laser of the optic:a! head 12, 
so as to irradiate the MSR medium with a laser beam 

20 having the power in accordance with this drive current. 

The laser beam enters, after irracfiating the ID por- 
tion of the sector, the PRA portion where information is 
recorded by the MO methcxl. When the reproducing 
power P^ + P2 is increased and the temperature of the 

25 MSR medium reaches a temperature at which the mag- 
netically induced super resolution reproduction is 
started, an aperture is formed on the MSR medium, and 
magnetically induced super resolution reproduction of 
the information therein starts. Then, a reproducing sig- 

30 nal as is shown in FIG. 1 1 is outputted from the optic:al 
head 12 to the AGC circuit 13. 

When the reproducing signal appears, the AGC 
cxDntrol voltage starts to increase. When the AGO con- 
trol voltage becomes equal to the reference voltage Vq, 

35 the comparator 23 detects this and outputs a predeter- 
mined signal to the latch 24. In response to this signal, 
the latch 24 is set. and outputs a set signal to the coun- 
ter 21 and the switches SW2R and SW2W. 

Then, as is shown in FIG. 11, the counter 21 stops 

40 the counting operation, and the second reproducing 
power P2 is fixed at a voltage value attained when the 
cx5unter 21 stops, so as to make constant the laser con- 
trol voltage. 

Since the AGC circuit 13 is set so that the initial 
45 AGC control voltage can obtain the maximum gain, the 
amplitude of the reproducing signal is abruptly 
increased. As the AGC control voltage starts to 
increase, the amplitude of the reproducing signal is 
decreased. After reaching a predetermined level, the 
50 AGC control voltage is retained substantially constant, 
and the amplitude of the reproducing signal is also 
retained substantially cxjnstant. Under this cx»ndition. 
the signal recorded in the PRA portion is completed to 
be read. 

55 In a receding operation, the third reproducing 
power P3R is not necessarily added. 

When the information in the PRA portion is com- 
pleted to be read, the write gate is set at "1". 

As a result, the switch SW1R is turned off and the 
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swrtch SW1W is turned on. Therefore, the recording 
power auxiliary voltage P3W is added to the second 
r^roducing power P2 at the adding point "c". and 
hence, the laser control voltage becomes the total 
power P^ + P2 + P3W. which is the optimal recording 5 
power influenced by the r^rodudng powers P-, and Pg. 

At the same time, the write data are sufpiied to the 
optical head 12 through the write drcuit 11a. so as to 
start data recording in the MSB medium. 

When the data recording in the DATA portion of the 10 
sector is conpleted. the write gate is set at "0" as is 
shown in FIG. 11, the transfer of the write data is 
stopped, the read gate is set at "0" and the latch 24 is 
reset. As a result the counter 21 is deared. the second 
reproducing power becomes 0 V, the laser control 75 
voltage returns to the voltage of the first reproducing 
power P^. Thus, the device is placed in a standby state 
for the process of a subsecpjent sector. 

Now, the control sequence will be described refer- 
ring to a flow chart shown in.FIG. 12. 20 

The first reprodudng power P^, that is. the idle 
power, is set, and all the switches SW1R. SW1W, 
SW2R and SW2W are turned off, the counter 21 is 
cleared and the AGC control voltage is initially set to 
obtain the maximum gain (step S1 1). 25 

It is determined whether the read gate is set at "1" 
or "0" (step SI 2). In the case of ''0*'. ttiis determination is 
repeated, in the case of "1". the counter 21 is activated 
so as to start the counting operation (step S13). 

Then, it is determined whether or not the AGC con- 30 
trol voltage has become equal to the reference voltage 
Vo (step Si 4). When the AGC control voltage is not 
equal to the reference voltage Vq. this determination is 
repeated. When they are equal, the latch 24 is set, the 
counter 21 is stopped and the switches SW2R and 35 
SW2W are turned on (step S15). 

Then, it is determined whether or not the device is 
in the write mode (step 816). When it is not in the write 
mode, the switch SW1 R is turned on (step SIT), and the 
demodulating circuit 14 is activated so as to reproduce 4o 
data (step 318). 

When the device is determined to be in the write 
mode in step Si 6, it is determined whether the write 
gate is set at "1" or "0" (step Si 9). In the case of "0". this 
determination is repeated. In the case of "1", the switch 45 
SW1W is turned on (step 820), and a writing, i.e., 
recording, operation of the write data is started (step 
821). 

Then, it is determined whether the read gate is set 
at "1 " or "0" (step S22). In the case of "1 this determi- so 
nation is r^eated. In the case of "0". the procedure 
returns to step 811. arri the device is placed in a 
standby state for the process of a subsequent sector. 

in Embodiments 1 and 2. the timing of forming the 
aperture on the MSR medium for starting the magneti- 
cally induced super resolution reproduction of the infor- 
mation therein is detected by capturing the rise of the 
AGC control voltage or the amplitude of the reprodudng 
signal, and the reprodudng power is adjusted to be opti- 



rrel in tiie PRA portion. However, ttie r^rodudng 
power can be adjusted in, for example, the VFO1 portion 
provided at the head of the DATA portion or the VFO2 
portion provided in the DATA portion. 

The remaining operation is substantially the same 
as that of Enrtoodiment 1 . and hence, the descrption e 
omitted. 

In Embodiment 2, in addition to the effects attained 
by Embodiment 1. the recording power can be cor- 
rected in consideration of the change of the tenperature 
of the medium because the recording power is influ- 
enced by the reprodudng power. As a result, the record- 
ing power can be more appropriately set 

in either of Emtxxjiments 1 and 2, the reproducing 
power is corrtrolled to be increased from the lowest 
power (i.e.. the power P^) to the highest power (i.e., the 
total power P^ + + P3 or P^ + P2 + PGR). However. 
ihe reprodudng power can be controlled to be 
decreased from a high reprodudng power, or increased 
or decreased from an intermediate reprodudng power, 
so as to detect the timing of start of the magnetically 
induced super resolution reproduction. 

in this embodiment, the reproducing power is 
appropriately set by detecting the start of the magneti- 
cally induced super resolution reproduction of magneto- 
optically recorded data from an MSR medium. There- 
fore, an appropriate reproducing power can be predsely 
applied without being affected by the fluctuation in the 
material of the MSR medium and a blur thereon, so that 
a necessary signal can be accurately reproduced. 

Furth©*more. since the reproducing power is appro- 
priately adjusted at the head of the portion where data 
are magneto-optically recorded, there is no need of 
phase adjustment. Therefore, a data portion to be 
reproduced can be accurately reproduced by using an 
appropriate reprodudng power. 

In addition, when the reprodudng power is appro- 
priately adjusted in tiie synchronizing signal portion 
and/or resynchronizing signal portion, tho^e is no need 
to provide a separate power adjustment area. The 
results in increasing a recording area. 

Furthermore, the start of the magnetically induced 
super resolution reproduction from tine MSR medium is 
detected by using a rise of the amplitude of the repro- 
ducing signal or a rise of the AGC control voltage. 
Therefore, the start of the magnetically induced super 
resolution reproduction can be accurately detected, so 
as to appropriately set the reprodudng power. 

Moreover, when the recording power used in a 
recording operation is influenced by the reproducing 
power, it is possible to connect the recording power in 
view of change of the recording conditions caused by 
the temperature change of the medium. As a result the 
recording power can be more appropriately set. 

FurthQ-more, since the reproducing power is set 
tiirough the three steps, tiie afpropriate reproducing 
power can be accurately set at apprc^riate timing, and 
it is possiWe to avoid heating an unnecessary area. As 
a result, the degradation of the medium can be avoided. 
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and the lifetime of the light beam source can be elon- 
gated. 

Additionally, since the reproducing power is control- 
led to be increased in a procedure of reproducing infor- 
mation from the MSR medium, it is possible to avoid s 5. 
application of a large reproducing power to an unneces- 
sary area. Therefore, the MSR medium and the light 
beam source are prevented from degrading due to the 
heat, resulting in elongating their lifetime. 

As this invention may be embodied in several forms to 
without departing from the spirit of essential character- 
istics thereof, the present embodiments are therefore 
illustrative and not restrictive, since the scope of the 
invention is defined by the apperxied claims rather than 
by the description preceding them, and all changes that is 
fall wTthin n^eles and tx>unds of the claims, or equiva- 
lence of sucf^ metes and tx>unds thereof are therefore 
intended to t>e entxaced by the claims. 

Claims 20 

1 . An information r epf Dducing method, comprising the 
steps oi 

irradiating a magnetically IrKiuced super reso- 25 
lution (MSRi mediLim with a light beam so as to 
read information recorded in the MSR medium 6. 
on the basis of light reflected by the MSR 
medium. 

characterized by including the steps of: 30 
detecting start of read of information from a 
portion where the information is magneto-opti- 
caily recorded; 

setting a power of the light beam at an appro- 
priate value in accordance with detection of the 35 
start of the read of the information; and 7. 
reproducing the information recorded in the 
MSR medium on the basis of reflected light of 
the light beam having the power set at the 
appropriate value. 40 

2. The information reproducing method according to 
claim 1 . wherein the power of the light beam is set 
in a process of reading the information from a head 

of the portion where the information is magneto- 45 
optically recorded. 

3. The information reproducing method according to 
claim 1 . wherein the power of the light beam is set 

in a process of reading information from a synchro- so 8. 
nizing signal portion for attaining synchronization 
for reading information and/or a process of reading 
information from a resynchronizing signal portion 
for attaining resynchronization when the synchroni- 
zation is lost. 55 

4. The information reproducing method according to 
claim 1 . wherein the step of detecting the start of 
the read of the information from the portion where 



the information is magneto-optically recorded is 
conducted by detecting an abrupt rise of a repro- 
ducing signal. 

An information reproducing method, comprising the 
steps of: 

irradiating an MSR medium with a light beam 
so as to read information recorded in the MSR 
medium on the basis of light reflected by the 
MSR medium. 

characterized by including the steps of: 
detecting a rise of a control signal for gain 
adjustment to be applied to an amplitude of a 
signal corresponding to the information read 
from the MSR medium; 

setting a power of the light beam at an appro- 
priate value in accordance with detection of the 
rise: and 

applying the gain adjustment to tiie information 
read from the MSR medium on the basis of 
reflected light of the light beam having the 
power set at the appropriate value, so as to 
reproduce the information from the MSR 
medium. 

An information reproducing method, comprising the 
steps of: 

irradiating an MSR medium with a light beam 
whose power is controlled to be increased; and 
r^roducing information recorded in the MSR 
medium on the basis of reflected light of the 
light beam from the MSR medium. 

An information recording/reproducing method, 
comprising the steps of: 

reproducing information recorded in an MSR 
medium, by irradiating the MSR medium with a 
light beam, on the basis of reflected light of the 
light beam from the MSR medium; 
setting a power of the light beam so as to be 
influenced by a power of the light beam used in 
the step of reproducing the information; and 
recording information in the MSR medium by 
irradiating the MSR medium with the light beam 
having tiie set power. 

A magneto-optically reproducing device, compris- 
ing: 

an optical head (12) for irradiating an MSR 
medium with a light beam and receiving 
reflected light from the MSR medium. 

characterized by including: 
first reproducing power application means (P-i) 
for supplying the optical head (12) with a power 
of the light beam with which information can be 
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reproduced from a part of the MSR medium 
excluding a magneto-optically recorded area; 
second reproducing power application means 
(P2) for controlling to increase the piower to be 
supplied to the optical head (1 2) until the power 5 
becomes suffidently large to r^roduce infor- 
mation from the magnetOK^tically recorded 
area of the MSR medium; and 
third reproducing power application means (P3) 
for supplying the optical head (12) with a con- 10 
stant power so that the power of the light beam 
is set at an optimal value. 



75 



20 



25 



30 



35 



40 



45 



SO 



12 



EP0 800 169 A2 



F I G. 1 
PRIOR ART 




RECORD BIT 



.0800169A2J_> 



13 



EP 0 800 1 69 A2 



F I G. 2 
PRIOR ART 




iSOOClD: <£P ^0800169A2_L> 



14 



EP 0 800 1 69 A2 



F IG. 3 
PRIOR ART 




PORTION 



OROOlfiSA? I 



15 



EP 0 800 169 A2 



FIG. 4A 




REPRODUCING 
FIG.4B PO^ER 



PREFORMAT AREA 



DATA AREA 



> 






CO 


1 — 1 






CD 



PRA 
/POWER 

ADJUSTMENT 
\ PORTION 



o 



CVJ 

o 

l_l_ 



EMBOSS 

BIT RECORDED 

METHOD PORTION 



MAGNETO-OPTICALLY 
RECORDED PORTION 



SECTOR 



16 



SDoaa <EP_ 



_0800I6SA2 J. 



EP 0 800 169 A2 



LO 
CD 



DC 



etc 



\ 











\ 

\ 








\ \ 

V 

V 

\ 

\ 

\ 

\ 

\ 








\ 

\ 






\ \ 

N N 
\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 


\ 

\ 

\ 





O CO 
QC I — 

O I— I 

Q I 



Q_ 

CD 
X — 

Cl. 



o 



O 
CD 



CD 

=:> 1—1 

O ct: 
Cfc: o 

Z LU LU 

i-H ct: or 



O 



CO 

O 
I — I 
h- 

CJ) 
LU 

Qc:: 

O 
O 



17 



EP 0 800 169 A2 



o 

CO 




CD 




CD 


) — 1 




1 — 1 


CJ) 




o *^ 




Q- 


ZD Q_ 






Q — ' 


H- O 


or 


illi O ctr 


CO ctr 


LXJ 


ct: ct: i_u 


ct: Q_ 


S: 


1— > Q_ ^ 


1 — 1 LU 


o 


m LU o 


LL_ ctr 




1— QC CL_ 



o 

CJ) 



<C I— 

LU <C 
CD 



18 



EP 0 800 169 A2 



CM 

O 



JTXTL 




CL 



CD 



\ — I 



CO 



Q_ 



CD 



I — I 



CM 

o 



O 



m 



CD 



I — I 



CO 
IS 



IS 



CL 
CD 



I — I 



Q:: 

CO 




CD 
I — I 

LL 



CD 



19 



INSDOCID: <EP_ 



_0800169A2J_ 



EP0 800 169 A2 




20 

SOOCID: <BP ^0800169A2J_> 



EP 0 800 1 69 A2 



F I G. 9 



NEXT SECTOR 



(start) 



SETTING UP IDLE POWER 



TURNING OFF SW 
CLEARING COUNTER 
SETTING AGC CONTROL 
VOLTAGE MAXIMUM GAIN 



SI 




AGC CONTROL VOLTAGE 
BECOMES EQUAL TO 
REFERENCE VOLTAGE 
9 



YES 



SETTING LATCH 
TURNING ON SW 



S5 



ACTIVATING DEMODULATING 
CIRCUIT AND REPRODUCING DATA 



S6 




21 



NISDOCID: cEP. 



.0B00ie9A2_l_> 



EP0 800 169 A2 



I 1 , V. 

o 

ZD 

Oi I 

o <t: 

Q_ CD — - 
LU t-H 

o:: CO 

CO 



O LU O 

uj <c i—i 
cri _j o 



CD 



I 




O 
O Qrr 
CD I — I 
<C CJ) 
~ I 



O CD 
I— 

o :z -_j 
CD o o 
<C C3 > 




C\J 



1— 

1 — 1 


0>-^ 




Ck:: Z3 


1— CJ> 


LUI— CJ> 


1 — I or: 


^ Qi: 


ct: 1— 1 


O O 


S:c3 


Q_ o c:> 



7 



"^O CD 
LU I— I— 

CO __j 
<c o o 

<D I —I CJ) > -Q -f- 

+ 



o 



CO 
CO 



o 



CD 



C3 
ZD 

O 
Ctl 

a_ . 

LU C\J 

O LU 

LU O 
CO Q_ 



LU O 



CD 



6 o ,6 o 



o 



CXI 

6 o ^ 



CD 



o 

I — I 



CD c::! 

LU uu 

I— I— 

I — I I — I 



^ O Ctl 

CO Q:: LU 

Cfc: Q_ ^ 
H-i uj o 

Lt_ Q_ 



CD 

:^ 

O CO 

z::> Q_ 

o» o or 
ci: Q:: LU 

l-H CL ^ 

rc u_i o 



^ CO 
1— t CL. 
£=i ^ 

O LU 
CD 

LU O 

Ct: Q_ 



UJ CQ 
I— 
<C 
CD 

LU 



CJ> 



O 
CD 



OvJ 

CM 



C\J 



LU 



CD 



22 



SDOaO: <EP. 



_0800169A2J_> 



EP 0 800 169 A2 




Q I— I <c <j: —J CO —I a_ CD o — i O 

LuctnctrLL) \0 <CO uuf— i cdO I — 

S ^ S: ct: Q> — J> q::co <t: > co 



CD 
\ — \ 



23 

NlSDCX:iD: <EP ^08001 69 A2J_> 



EP0 800169 A2 



FIG. 12 
NEXT SECTOR 



( start} 



SETTING UP IDLE POWER 



•TURNING OFF ALL SW 
•CLEARING COUNTER 
•SETTING AGC CONTROL 
VOLTAGE MAXIMUM GAIN 




SI 1 



^1 2 
READ GATE? 



STARTING COUNTING OPERATION 1^^ ^ 



SI 4 

XgC CONTROL VOLTAGE 
BECOMES EQUAL TO 
REFERENCE VOLTAGE 



YES 



SETTING LATCH 
TURNING ON SW2R,SW2W 



SI 6 
J/VRITE MODE?: 

NO^I SI 7 



YES 



TURNING ON SW1 R 



SI 8 




S 1 9 
IVRITE GATE?" 



ACTIVATING 
DEMODULATING 
CIRCUIT AND 
REPRODUCING DATA 



TURNING ON SWIW 



S21 



STARTING TO RECORD 
BY WRI TE DATA 




24 



.08001 S9A2_I_> 



(19) 



J 



Europatsches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



llllllilllllllllllllillllllllllil 

EP 0 800 169 A3 



(12) 



(88) Date of publication A3: 

11.04.2001 Bulletin 2001/15 

(43) Date of publication A2: 

08.10.1997 Bulletin 1997/41 

(21) Application number: 96116096.7 

(22) Date of filing: 08.10.1995 



EUROPEAN PATErOT APPLICATION 

(51) intci.^: G11B 7/125, G11B11/10 



(84) Designated Contracting States: 


(72) 


Inventor: 


DEGB 




Matsuura, Michio, 






c/o FUJITSU LIMITED 


(30) Priority: 05.04.1996 J P 8427596 




Kawasaki-shi, Kanagawa 211 (JP) 


(71) Applicant FUJITSU LIMITED 


(74) 


Representative: 


Kawasaki-shi, Kanagawa 211-8588 (JP) 




Schmidt- Eve rs, Jurgen, Dipl. -In g. et al 






Patentanwalte Mitscherlich & Partner, 






Sonnenstrasse 33 






80331 Munchen (DE) 



(54) Inlormation reproducing method and information reproducing/recording method for 
magneto-optical recording medium and magneto-optical reproducing device 



(57) in the information reproducing method, the 
information recording/reproducing method and the 
information reproducing device of this invention, the 
start of read of information from a magneto-optical 
recorded area of an MSR medium is detected, and the 
power of a light beam to be used for reproducing mag- 

FIG. 4A 



neto-optically recorded information is set in accordance 
with ttie detection. Thus, the MSR medium can be irra- 
diated with a light beam having an appropriate repro- 
ducing power without being affected by the fluctuation in 
various portions of the MSR medium. 



MSR 



ID REPRODUCING OPTIMAL REPRODUCING 
POWER POWER 




CO 

< 

O) 
(D 

O 
O 
CO 

o 

Q. 

in 



REPRODUCING 
POWER 



Printed by Xerox (UfQ Business Services 
2.16.7 (HR3)/3.6 



NSDOCID: <EP ^0B00lS9A3_l_> 



EPO 800 169 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 96 11 6096 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of dociiment with incfication, where appropriate. 
of relevant passages 



PATENT ABSTRACTS OF JAPAN 
vol. 1996, no. 03, 
29 March 1996 (1996-03-29) 
-& JP 07 307040 A (FUJITSU LTD), 
21 November 1995 (1995-11-21) 

* abstract * 

•& US 5 691 072 A (IZUMI ET AL.) 
25 November 1997 (1997-11-25) 

• coliOTi 14. line 52 - column 16, line 41; 
figures 18A-19 * 



The pp ea&nt aeaiU * i- cptait hoj bat^n li r vmn up i ar all eloimj 



Place cri seariii 

THE HAGUE 



Date of cx>ir»f<et»on of the search 

23 November 2000 



Relevant 
to daim 



1,2,6 



1,2,6 



CLASSIFICATIOH OF THE 
APPUCATIOM (InLCLS) 



G11B7/125 
G11811/1G 



TECHNICAL RELDS 
SEARCHED (lnl-CI.fi) 



GllB 



CATEGORY OF CITED DOCUMENTS 

X : particularty relevam if taken alone 

Y : particulariy relevant if comfained with another 

docurnent ot the same category 
A : technological background 
O : norv-^written disclosure 
P : inserrr^iate document 



NANOS A. 



T : theory orprindpl© undsrtying the invention 
E : earfer patent document but putifished on. or 

after the filing date 
O : documeni cited in the a{^>Gcaiion 
L : document cited (or other reasons 



& : memoer of the same patent famity. corresponding 
document 



2 



ISOOCID: <EP 0800169A3_L> 



EP0 800 169 A3 




European Patent 
Office 



EP 96 11 6096 



Application Number 



CLAIMS INCURRING FEES 



The present European patent application comprised at the time of filing more than ten claims. 

□ Only part of the claims have been paid within the prescribed time limit The present European search 
report has been drawn up for the first ten claims and for those claims for which claims fees have 
been paid, namely claim(s): 



□ No claims fees have been paid within the prescribed time limit. The present European search report has 
been drawn up for the first ten claims. 



The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 



see sheet B 



□ All further search fees have been paid within the fixed time limit. The present European search report has 
been drawn up for all claims. 



□ As all searchable claims could be searched without effort justifying an additional fee, the Search Division 
did not invite payment of any additional fee. 



Only part of the further search fees have been paid within the fixed time limit. The present European 
search report has been drawn up for those parts of the European patent application which relate to the 
inventions in respect of which search fees have been paid, namely claims: 



None of the further search fees have been paid within the fixed lime limit The present European search 
report has been drawn up for those parts of the European patent application which relate to the invention 
first mentioned in the claims, namely claims: 



LACK OF UNITY OF INVENTION 




1 - 



» 



6 



3 



ISDOCID: <EP. 



.08001 69A3_L> 



EP 0 800 169 A3 



European Patent 
Office 



LACK OF UNITY OF INVENTION 
SHEET B 



EP 96 11 6G96 



The Search (^vision considers that the present European patent application does not comply >Arith the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 

1. Claims: 1-4,6 

Magnetooptical reproducing method for MSR fnedium setting the 
laser power at an appropriate level at the start of the 
magnetooptical recorded area. 

1.1. Claim : 6 

Magnetooptical reproducing TOthod for MSR medium where 
the laser power is controlled to be increased. 

2. Claim : 5 

Magnetooptical reproducing method for a MSR medium setting 
the laser power at an appropriate value during a rise of a 
control signal for adjusting the gain of the reproduced 
signal . 



3. Claim : 7 

Magnetooptical recording / reproducing method for MSR medium 
where the laser power for recording is influenced by the 
laser power for reproducing. 
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Magnetooptical reproducing device for MSR medium including 
three different reproducing laser power apppli cation means. 
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